INTRODUCTION
Uranium is an expected impurity in recycled plutonium from (U, PU)02 or (U,PU)C fuel elements, and uranium contents greater than a few hundred parts per million in the PU02 raw materials must be known for accurate preparation of mixed oxide fuel blends. A well tested method for measuring trace concentrations of uranium in plutonium metal* was modified and applied to the analysis of PU02 for uranium. The original method used a 3-g sample of metal dissolved in HCI and a double separation of the uranium from the plutonium on anion exchange resin columns. The modified method includes a reduction in the sample size to 70 mg, dissolution in either HN03 -HF by repeated fumings or in HCI at 3OO"C by the sealed tube method,z and a single pass separation on the anion exchange resin columns. These modifications, which simplify and shorten the method, permit more rapid measurement of uranium contents of 300 ppm or greater in small samples of PU02.
EXPERIMENTAL

Separation of Uranium
The success of the method depends upon a clean separation of the small amount of uranium because other actinides and several other metals form highly colored complexes with Arsenazo I. The plutonium (IV) colored complex with Arsenazo 1, for example, has a molar absorptivity of 21 000. Hydriodic acid also was considered as a reducing agent in this separation.
Prepared solutions containing known amounts of uranium and plutonium in 1lM HCI-O.25M HI were passed through the Bio-Rad AG l-x2 anion exchange resin columns. The adsorbed uranium was subsequently eluted and measured spectrophotometrically as described in this method. The results were less precise using HI as the reductant, and the resin had a shorter useful life. The resin selected (Bio-Rad AG l-x2) has a cross linkage of two for minimal washing. Thirty milliliters proved to be ample for remowd of either the plutonium(III) with 12M I{C1 or the uranium (VI) with O.lM HC1. The resin particle size selected was 100-200 mesh; larger resin particles permitted the solution to flow too rapidly for the uranium adsorption.
The resin was held conveniently in f O-cm columns with coarse glass fritz.
Formation of Colored Complex
A highly colored chelate complex is formed in a ratio of 1 to 1 between UO~and Arsenazo 1. The complex is a highly stable, six-membered ring involving the UO~and the cyclic O-C-C-C-O group .s The reaction is complete at a pH of 8 to 9, and Beer's law is followed closely. At a wavelength of 600 nm, the molar absorptivity is 23000.6
Selection of Sample Size A 70-mg sample size was chosen to accommodate uranium concentrations between 300 and 3000 Kg/g. If the 70-mg sample should contain more than 200 #g of uranium, a small sliquot of the final colored solution may be taken into another flask, more buffer and Arsenazo reagent added, and the absorbance measured spectrophotometrically.
Being able to measure art aliquot of the colored solution in this manner is a real advantage and eliminates the need to repeat the analysis of a sample with an unusually high uranium content.
The theoretical capacity of the resin bed is several hundred milligrams of uranium, thus ensuring quantitative retention of the larger quantities of uranium.
SAFETY PRECAUTIONS
Special care must be taken when handling concentrated acids. At the minimum, rubber gloves should be worn. When preparing dilute H2 S04 solutions, always add the acid carefully to the water and not vice versa. Hydrofluoric acid is especially dangerous to the skin and will cause slow-healing ulcerating sores. Any operation involving plutonium-containing materials must always be done in laboratories designed for adequate protection of the worker through suitable equipment and protective clothing. Parncular care should be used in handling plutonium or any of its compounds in dry, finely divided form. It is the responsibility of the individual worker to thoroughly understand and rigidly follow the health and safety rules pertaining to his work.
OPERATION PROCEDURE
..
*
Apparatus
Dissolution of Sample
Dissolution of PU02, especially if it is high-fired, may present a problem. Plutonium oxide is dissolved slowly in 15.6M HN03 at its boiling point with HF added in very low concentrations. The HF acts catalytically on the PU02 and also helps dissolve any Si02 contamination. The HN03 and HF are then removed by repeated fuming with H2 S04; NO~-would adversely affect the quantitative reduction of plutonium to its (111) oxidation state. The sealed tube method2 is recommended for high-fired PU02, although prolonged heating with HN03 -HF and repeated fumings with H2 S04 will effect solution.
Columns, ion exchange, 1-x 10-cm. Seal a I-cm-diam filtering tube with a coarse glass frit to the bottom of a 40-ml centrifuge tube, and cut off the tube diagonally just below the frit. FilI the 1-x 10-cm tube with Bio-Rad Ag l-x2 anion exchange resin, chloride form, 1OO-2OO 72 mg of disodium salt of ethylenediaminetetraacetic acid (EDTA), and 14.0 ml of concentrated HN03 in water and diIute to 1 liter. Allow the soiution to stand overnight before using.
Sample Analysis
An accurately weighed, 70-mg portion of the PuOZ sample is dissolved either by repeated fumings with HN03 -HF-H2 S04 mixtures or, preferably, by heating at 300"C with 12M HC] in a sealed tube.2 For the dissolution in the mixed acids, the sample is heated with 10 ml of 15M HN03 containing a few drops of 27M HF and 18M H2 S04 until fumes of S03 are evolved. The solution is cooled and water is added to dissolve the soluble portion, which is then decanted. The acid treatments of the undissolved portion are repeated until soIution is complete.
The combined solution is evaporated to dryness, and the salts are dissolved in 2 ml of water. Quantitative reduction of the plutonium to the blue (III) oxidation state is achieved by adding 3 ml of 10% NH2 OH-HC1 solution and warming the solution. Reduction is repeated if the solution is not blue. Three drops of 7'?JoSnC12 in 12M HC1 and 13 ml of 12M HC1 are added, and the solution is transferred to a 1-x 10-cm ion exchange resin column filled with 100-200 mesh Bio-Rad AG 1-x2 anion exchange resin that has been washed with 30 ml of 12M HC1. The sample solution is washed onto the cohmtn with five l-ml portions of 12M HC1, and the column is washed with six 5-MI portions of this acid. The uranium is eluted with 30 ml of O.IM HC1, added in 5-ml portions, and the eluate solution is evaporated to dryness under heat lamps.
Dissolution of the residue in 3 drops of 12M HC1 and 2 ml of water, addition of 4 drops of 5% aqueous NaCN and 2 drops of 0.025% phenolphthalein solution, and then addition of lM NH4 OH dropwise until the solution is slightly basic prepares the solution for the color development step. This is done by adding 5 ml of triethanolamine buffer and 3.0 ml of Arsenazo I solution. The solution is diluted to 25.0 ml and allowed to stand 1 h before the absorbance is measured at 600 nm in l-cm matched cells using a solution containing phenolphthalein, NH4 OH, NaCN, triethanolamine buffer, and Arsenazo I as a reference.
Blanks and Standards
Two reagent blanks and two standard solutions should be analyzed simultaneously with the sample solutions. The blank solutions are prepared by fuming 1 ml of 6M H2 S04 to dryness, dissolving any residue in 2 ml of water, and proceeding with the NH20H 'HCI reduction and the following analysis. 
DISCUSSION
Applicability
The method is used for the determination of uranium at concentrations between 300 and 3000 #g/g in ceramic grade PU02. The recommended quantity for uranium measurement is between 10 and 200 #g, and the specified sample size of 70 mg is optimum for this range. For samples containing larger amounts of uranium, an aliquot having a suitable uranium concentration may be taken in the final color development step.
Reliability
The reliability of the method was established by the repeated analysis of standard solutions. The relative standard deviation in the range be~een 300 and 1100 ppm of uranium is 10%; between 1400 and 3000 ppm of uranium it is 5% (Table 1) .
There are practically no interferences in this spectrophotometric measurement because of the effectiveness of the ion exchange separation.
Of the several other metals that form highly colored complexes with Arsenazo I, some, when present at low concentration, are effectively masked by EDTA or NaCN without adversely affecting the uranium-Arsenazo I color development. The concentrations at which selected elements will cause interference in the method were established by performing the color development procedure on solutions of those elements 
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( Table II) . The interfering element most likely to be present is iron, which interferes at concentrations greater than 500 ppm. Most other elements generally are at concentrations well within the tolerance of the method. 
